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(57) Abstract: A record carrier (1) according to the inven- 
tion couipiises inf oimation organized in a phnality of 61es 
containing audio visual data (11) and playback control data 
(12) for controlling playback of die audiovisual data on a 
playback device while enabling user interaction. The infor- 
matioh further comjHises jaiority information (priority), in- 
dicating die relative priority with which tfjc files are to be 
stored in a cache meniory (39) of the playback device. The 
invention also relates to a device for playing back a record 
canier and a method for playing back a record earner. 
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Record earner, device for playing back a record carrier, method for playing back a record 
carrier, device for recording a record carrier and method for recording a record carrier. 



The invention pertains to a record carrier. 

The invention also pertains to a device for playing back a record cairier. 
The invention forther pertains to a method for playing back a record carrier. 



Several standards are in development for digital storage and reproduction of 
audiovisual data such as the SVCD and DVD standard. SVCD describes storage of 
audiovisual data in the form of MPEG2-files. which may be reproduced under control of a so 
called Play Sequence Descriptor (PSD). The audiovisual data and the PSD are stored at the 

10 record carrier. The PSD is a set of control structures that enables the playback of 

preprogramrned sequences with user selection and interaction. User selection may for 
example lake place by menus which are displayed on a display device, and from which the 
user may select an item by pointing at a position of the display device with a pointing device 
such as a mouse. Reading such a menu from the record carrier may delay the interaction 

15 speed. 



It is an object of the invention to provide a record carrier, a device for 
reproducing audiovisual data from a record carrier and a method for reproducing audiovisual 
20 data from the record carrier which allow a higher interaction speed. 

To that end a record carrier of the invention comprises information organized 
in a plurality of files containing audio visual data and playback control data for controlling 
playback of the audiovisual data on a playback device while enabling user interaction, the 
information further comprising priority information, indicating the relative priority with 
25 which the files are to be stored in a cache memory of the playback device. 

A record carrier according to the invention is particularly suitable for playback 
on a playback device according to the invention. A playback device according to the 
invention comprises read means for reading the dau from a record earner, a cache memory 
for storing data from the record carrier, user input means for receiving user input, control 



means for processing the control data, and reproduction means for reproducing the audio 
visual data, the device being adapted to read priority information and to store files into the 
cache memory with a priority determined by this priority information. 

Preferably the priority information (priority) is related to an estimated 
frequency with which the said data is accessed. The priority information enables the playback 
device to store frequently accessed control data in its cache memory, while keeping less 
frequently accessed files at the record carrier. Such control data comprises for example menu 
items. This type of data is often used to request information from a user how to proceed with 
the playback. Loading such a menu item from the record carrier may take one or two seconds 
and therewith hampers the speed of interaction between the playback device and the user. By 
providing the priority infomation at the record.cairier a playback device according to the 
invention is enabled to store this type of data in a cache memory and to therewith improve 
the interaction speed. The cache memory may be relatively small as the priority information 
indicates which information is the most relevant to store therein. The priority information 
preferably discerns at least 8 levels. This enables a playback device having only a relatively 
small cache memory to select only the most frequently accessed files for storage in the cache 
memory. If on the other hand such a record carrier is played back at a playback device having 
a greater cache memory, in addition to those files other files may be stored in the cache 
memory which are less frequently accessed, but still important. 

It is possible to attach each item of priority information to the file to which it 
corresponds. Preferably however, the priority information is contained in a single file. This 
allows a playback device to retrieve the priority information with one file access. 

An attractive embodiment of the playback device according to the invention is 
characterized by means for rewriting the priority information at the record carrier in 
accordance with the frequency with which the files are actually accessed by a user. This 
allows the playback device to adapt the record carrier to the profile of a particular user. 

The invention also provides a method for playback of a record carrier 
comprising information organized in a plurality of files containing audiovisual data and 
playback control data for controHing playback of the audiovisual data while enabling user 
interaction, which method comprises the steps of 

determining whether a cache memory does have sufficient unoccupied space, 
if it is determined that the cache memory does not have sufficient unoccupied 
space, then determining whether the cache memory does have space sufficientiy large which 



a. 
aa 
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is occupied by one or more further data files having a priority value lower than the priority 
value of the first data file, 

aaa. if the outcome of step aa is true, then overwriting said one or more further data 

files by the first data file. 

^ . ^ prefeired embodiment of said method is characterised in that if the outcome 

of step a is true then 

ab it is determined whether the first data file has a priority value higher than a 

predetermined value, 

aba if the outcome of step ab is true then the first data unit is loaded from the 

10 record carrier into the cache memory. 

The advantage of this embodiment is that it is prevented that files having a too 
low priority would be loaded into the cache memory. Such files generally woiild only stay 
relatively short into the cache memory as they would be overwritten by files having a higher 
priority. 

"^^^ ^^^^^ memory of a playback device according to the invention may also 
be loaded during an initialisation stage of the device by iheans of the following method for 
playback of a record carrier comprising information organized in a plurality of files 
containing audiovisual data and playback control data for controlling playback of the 
audiovisual data while enabling user interaction, which method comprises a procedure for 
20 loading files in a cache memory comprising the steps of 
^ setting a reference priority value, 

e for a plurality of fi les examining whether a priority value assigned thereto is 

higher than the reference priority value, 

ea if the outcome of step e is true examining whether the cache memory 

25 comprises sufficient space for storing the said data unit, 

eaa if the outcome of step ea is miie then loading said data unit into said 

space, 

f reducing the reference priority value, 

g determining whether the reference priority value is greater than or equal to a 

30 bottom priority value, 

8^ repeating steps d to g if the outcome of step g is true. 

A record carrier according to the invention may be recorded with a device for 
recording a record carrier comprising information organized in a plurality of files containing 
audio visual data and playback control data for controlling playback of the audiovisual data 



^^^^^^5416 ^ PCT/EPOO/11114 

on a playback device while enabling user interaction, the informaiion further comprising 
priority information, indicating the relative priority with which the files are to be stored in a 
cache memory of the playback device, 
the playback device comprising 
5 • means for obtaining the audiovisual data, 

means for composing the control data, 

priority determining means for determining the priority information, 
formatting means for formatting the audiovisual data and the control data into 

Hies, 

• recording means for recording the information comprising the priority 

information, the audiovisual data and the control data at the record carrier. 

A record carrier according to the invention may be recorded with a method for 
recording a record carrier comprising infonnation organized in a plurality of files containing 
audio visual data and playback control data for controlhng playback of the audiovisual data 
15 on a playback device while enabling user interaction, the information further comprising 
priority information, indicating the relative priority with which the files are to be stored in a 
cache memory of the playback device, 
the method comprising the steps of 

obtaining the audiovisual data, 
20 - composing the control data, 

determining the priority information, 
. formatting the audiovisual data and the control data into files, 
- . storing the information comprising the priority informaiion, the audiovisual 

data and the control data at the record carrier. 
25 The playback control program may be recorded at the same information carrier 

together with the audiovisual data, but may otherwise be stored at a separate record carrier or 
in a ROM of the playbackdevice. 



These and other aspects of the invention are described in more detail with 
reference to the drawing and with reference to an appendix: "Specification Proposal for a 
Video Disc Play Control Program (PCP)" which is incorporated by reference herein. In the 
drawing: 

Figure 1 shows an embodiment of a record carrier according to the invention. 
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Figure 2 shows an embodiment of a device according to the invention. 
Figure 3 shows an embodiment o£ a method according to the invention. 
Figure 4 shows relations between several aspects of the invention, 
Figure 5 shows a further embodiment of a method according to the invention. 

5 

Figure 1 shows a record carrier 1 which comprises information organized in a 
plurality of files 2 containing audiovisual data 11 and playback control data 12 for 
interactively controlling reproduction of the audiovisual data 1 1 on a playback device. The 

10 playback conm)l data on the one hand controls playback of the audiovisual data and on the 
other hand allows for user interaction, for example by providing options from which the user 
can choose. In the embodiment disclosed here the files have a file structure as described in 
section 3 of the appendix. Pan of the file structure is a file header (File^header) containing a 
file identification (File^ID). In an embodiment the audiovisual data maybe contained in one 

15 or more of the following four types of MPEG files. The first type is an MPEG movie file 
(File_ID = 10). This type of file contains a video stream, one or more audio streams and a 
private stream. A second type of file is an MPEG audio file (File^ID =11). This type of file 
contains one or more audio streams, but no video stream. A third type of file is an MPEG 
picture file (File_ID = 12). It contains a video stream with one or more still pictures, but no 

20 audio stream. A fourth type of MPEG file (File.ID = 13), a so called MPEG show file 
comprising a video sueam with one or more still pictures and one or more audio streams. 
Further the audiovisual data may comprise JPEG picture files (FileJD = 20) and bitmap 
image files denoted as BMP in the Figure (File.BD = 21). the playback control data 12 
comprises one or more so called Play Control Program files (PCP, File_ID = 3), which may 

25 include a PCP^file for startup. Each PCP-file may contain one or more functional blocks FB. 
An FB on its turn contains one or more commands CMDl, ... CMDn, as described in section 
4.5 of the appendix. Further the playback control data comprises a Play Itein Table file (PIT- 
file, File^ID = 2). The structure of the PCP-file is described in deUiil in section 3.2 and the 
PIT-file is described in section 3.3 of the appendix. Furtherinore the record carrier comprises 

30 a File Record Table file (FRT-file, File^ID = 1) as described in section 3.1 of the appendix. 
The FRT-file comprises information about all files at the record carrier 1, such as their size 
and address at the record carrier as well as general information about the record carrier. The 
record carrier is preferably a medium which is randomly accessible, such as a disc, as 
described in the appendix, or a card. The medium is for example an optical, a magnetic or a 
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magneto-opUcal medium. The information at the record carrier 1 further comprises priority 
informauon, indicaUng the relative priority with which the files 2 are to be stored in a cache 
memory of the playback device. 

In the embodiment described here the priority information is contained in a 
single file, in this case the FRT-file. For each of the files 2. including itself, the FRT-file 
comprises an entry denoted as "priority" which has a value in the range of 0 to 15. The 
priority information is related to the estimated frequency with which the said data is 
accessed. A high value of priority represents a high estimated frequency. In the embodiment 
described here the control data is comprised in one or more control programs, the PCP-files 
which comprise references to menus. c.g. in the fonn of MPEG picture files. Preferably these 
files have a high priority, preferably the highest value (15). 

Figure 2 shows a playback device according to the invention for playback of 
the record carrier 1 described above with reference to Figure 1. The playback device 
comprises read means 20 for reading the data from the record carrier I . The read means 20 
are provided with control means 21 to control the reading of data from the record carrier 1 
upon instructions by processing means 30 for processing the control data. The data read from 
the record carrier 1 is transmitted via a bus 15. The device further comprises a cache memory 
39 for storing data from the record carrier 1 . In addition the device has a process memory 31 
for storing data which is being used by the processing means 30. The device also comprises 
user input means 40. 41 for.enabling user interaction. The user input means are for example a 
keyboard or a poinUng device such as a mouse. The processing means 30 interactively select 
audiovisual data from the record carrier 1 and have these reproduced by audio reproduction 
means 53. 54 comprising an MPEG-audio decoder 53 and video reproduction means 51, 52 
comprising an MPEG-video decoder 51. The device accordmg to the invention is adapted to 
read priority information and to store files in the cache memory 39 in accordance with this 
priority information. To this end the device reads the priority information from the FRT-file 
and if the cache memor)' 39 is too small to store all files, the device stores those files in the 
cache memory 39 which have the highest priority value. The processing means 30 comprise 
inte^jreter means 32 for inteqjreting commands CMDl. ... in the functional blocks FB of the 
play control program file PCP. The interpreter 32 sequentially interprets the commands and 
writes/reads a plurality of Player API registers, also denoted as Registers, which function as 
an application programmers interface. These Registers and their function arc described in 
section 4.3.2 of the appendix. For example upto 16 hotspot areas may be defined by writino 
the Registers 128-191. A next PCP-file may be selected by writing its file number in the " 
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Register numbered 226. A play_iiem, for example an MPEG file may be selected by writing 
an identification of said item in Register 228. Note that most Registers correspond to a 
separate register for writing and for reading. By reading a Register status infonnation 
returned by the executing means 34 may be retrieved. For exami$le, if the Register numbered 
5 228 is read a so called play event E> value may be retrieved. The latter indicates a cause for 
ending the playback of the MPEG-file. A more detailed description is given in section 4.4.6 
of the appendix. The interpreting means and executing means of the processing means may 
be incorporated in software on a single processor or may be implemented as different 
processors. The mutual relation of the different files is shown in Figure 4. When a file 

10 number of a PCP-file is written in register 226, the execution means 34 retrieve tiic file 
address of said PCP-file form tiie FRT-file. If this file is not already available in the cache 
memory 39, it is loaded from the record carrier 1 into the process memory 31. If the Play 
Control Program file writes an identification of a Play-item in tiie register 228, control is 
passed to the execution means 34. These look up the corresponding filenumber of an 

15 audiovisual file and the entry point within said file in the Play Item Table PIT and have said 
play-item reproduced. The file address of said audio visual file is retrieved from its file 
number by means of tiie FRT-file. If control is passed to the execution means 34 then 
operation of the interpreting means 32 is suspended until an event is detected by event 
handler means 35. The event handler means 35 may detect at least one of the following 

20 events, the expiration of a time interval, an input by a user, the occurrence of trigger data in 
the audiovisual data. This is illustrated in Figure 1 of the appendix. A command set Timer, by 
writing a value to Register 252. has the effect that a timer 35 starts to count down from said 
value and that a timer event occurs if count down is completed. A trigger event occurs if a 
trigger detector 37 detects that trigger_data corresponding to a trigger_mask loaded in 

25 Register 249 occur in an MPEG sueam which is read from the currently selected file. A user 
may cause an event in several ways. In the first place one or more hot spots may be defined 
by writing a selection or all of the registers 128 to 191. If the user points to a hotspot, a 
hotspot event occurs. Otherwise a userkey event occurs if a key is pressed which is enabled 
by the userkey_mask. The latter is assigned to Register 250. If the reproduction of the MPEG 

30 file is completed likewise an event, End_of_File event, occurs. If an event occurs the event 
handler means 35 enable the interpreter means 32 to continue the interpretation with a 
command (Command #n+l ) succeeding the command (#n) at which the operation of the 
interpreter means 32 was suspended. 
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If a file is accessed, thei procedure illustrated in Figure 3 is followed. First in 
step SI it is examined whether the file to be accessed is already in the cache memory 39. If 
this is the case, then in step S2 the file is copied from the cache memory 39 into the process 
memory 31. Subsequently the file can be processed in step S3, ff the file to be accessed is not 
available in the cache memory 39 then it is loaded from the record carrier 1 into the process 
memory 31 in step S4. Next it is examined in step S5 whether in the cache memory 39 
enough free space is available to store the file.. If the outcome is positive the file is copied 
from the process memory 31 into the free space of the cache memory 39 in step S7.If the 
outcome of the examination in step S5 is negative the program step S6 is executed. Therein it 
is examined whether enough space in the cache memory 39 is available which is occupied by 
files having a lower priority than the file which was accessed. If this is the case than that file 
is copied from process memory 31 into the said space in the cache memory 39 (step S7). 
Otherwise the said file is not copied into the cache memory 39. 

An embodiment of the device according to the invention also includes a 
procedure for loading the cache memory 39 during initialization. Such a procedure is 
described with reference to Figure 5. In a first program step SIO a priority reference value PR 
is initialized at 15. In a second program step S 1 1 a filenumber I is initialized at 1 . Next in 
step S12 it is examined whether the file with file number I has a priority equal lo PR. If this is 
not the case than the procedure continues with step S15. Otherwise the procedure continues 
with step S13 wherein it is examined whether the size of the file with filenumber I is less or 
equal than the free space in the cache memory 39. If this is true than said file is loaded into 
the cache memory. 39 in step S14. If i, is not u^e than the procedure continues with step S15. 
wherein the filenumber is increased by 1 . Subsequently in step S16 it is examined whether 
the filenumber is less or equal Uian the total number of files. If this is true than the procedure 
continues with step SI2. If this is not true than the priority reference value is decreased by 
one in step S17. Subsequently it is examined whether Uie new priority reference value is 
greater than or equal to 0 in step SIS. If this is true Uian the procedme continues with step 
SI 1. If it is false then the procedure is completed. 

It is remarked that the scope of protection of the invention is not restricted to 
the embodiments described herein. For example, while an embodiment of the apparatus 
according to the invention is described which comprises detection means to detect which type 
of record carrier is present, an other embodiment comprises input means which enable a user 
to provide that information. The apparatus may comprise recording means for recording an . 
information stream on the record carrier in addition to the reading means. Neither is Uie scope 
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of protection restricted by the reference numerals included in the claims. The word 
'comprising* does not exclude other parts than those mentioned in a claim. The word 'a(n)' 
preceding an element does not exclude a plurality of those elements. The invention further 
resides in each new feature or combination of features. 
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Specification Proposal for a 
Video Disc Plav Control Program ( PPP^ 



By Erik Schylander 
version 3-Nov-99 1 1 :43 



A Play Control Program (PC?) is used for the user navigation when playing the disc The user 

^::t:::^ToM'Xzr^^^^ ^™ ^^^^^ 

t'lLV^Sl^hTr" h''''^ speciHcations a Play Sequence Descriptor (PSD) file is used 
for the PCP wuh a fixed syntax and semantics. It has the drawback thatii is static (pre- 

sumTned P^^^^^ '° Tw °^ ^° '«"ng or computations are 

rSpr ? ^ . programmed by recorded Play Lists and Selection Lists that define 
ihiJT^i P'»y- ^" SVCD an extension was introduced called Command Lists 

which allowed conditional testmg and some limited computations. 

TTiis proposal is based on about the same concept, but without using Play Lists or Selection 
uJer input " ' '"'^"^ P'^^'^^'^'' P°'"'' ^ "'"'^ « 

TWs « also very different from DVD. where the control and navigation data is stored in the 
JVU'fcO stream, which makes the authoring and testing very complicated. 



Revisjon hismir 

rev#ld - 26/10/99 NVRAM size allocated by Disc.info. and fixed location at ReefOJ 
Fixed type errors, updated figure 1 . outline, changes 

rev#2a - 27/10/99 Simplified Player registers to avoid MSB, LSB bytes fHoispots.OGT. 
Audio_stream). and reallocated register numbers. 
Added JPEG and BMP file types values. 
Added as extension OGT rendering in a hotspot area. 

Rev#2b - 1/1 1/99 Changed name of DRT to FRT, and PIN to PIT to use more correct wordmu 
Added Player States (stopped, playing, paused, scanning). 
Added field in MPEG info record for PlayingTime. 
Added field in MPEG info record for average sector (bit) rate. 

Rev#2c - 2/1 1/99 Filled in Error codes 

Added place holders for Systems Overview 

Cc: D. de Jong, CP&T. 
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Normative References 

The following Standards contain provisions, which, through reference in this document are 
used this document. 



ISO 646 
ISO 9660 

I50/IEC 11172.3:1993 


7-bit coded character set for information inicrchanRc 

Volume label and file structure 0809660) of CD>ROM for information imefchanee 
Iniormation technology— codmg of moving picture and associated audio for digital 
storapc media up to about l^Mbit/s Audio (MPEGl) 


ISO/IEC:13818.1,-2,.3 
2"* edition:1996/1997 
ISO/IEC: 10918-1 
IEC:13346 


Generic coding of movmg picture and associated audio information (MPEG2); the 

1997 edition shall apply for audio coding 

Digital compression and coding of Still Images (JPEG) 

UDF 2.0 as defined by OSTA (Universal Disc File system) 



10 



Conventions 

Bold terms are defined in this document 
Values and comments are written in italic. 
Hex values arc preceded by a $ character 
Binary values are preceded by % character 
Strings are within double quotation marks, as 



Abbreviations and general definitions 
The following abbreviations are used in this document 



#or#« 
Album 
AlbumJD 
Audio stream 

Bitmap image 



GLUT 

FRT 

Hotspot 



Hotspot area 



Abbreviation for " Number of 
An Album is a collection of discs with the same AlbumJD. 
An uniquely value that identifies all discs belonging to an Album. 
The MPEG stream can contain one or more audio streams numbered I to 
max. It is optional to support surround sound in the Extended stream. 
An image representation where each pixel is represented by on or more 
bits. These bits represent different color values in a color lookup table 
(GLUT). ^ 

A Color Look-Up Table, defining a color value (RGB) for each entry. 
File Record Table, see 0 

A Hotspot is defined by the ID number and the area coordinates on the 
screen. Hoispois are used for user interaction on the screen, so a user can 
select a hotspot (by cursor or pointer control) to interact with the PGR The 
selection of a Hotspot generates a Userjnpui event. It can be used by 
(computer) playback systems that use pointing devices for user interaction, 
or for systems that can highlight selected areas. The area within the 
indicated co-ordinaies should be highlighted. The player can chose frame 
thickness and color. Such highlighting is recommended to have two views, 
one when pointer inside area or one when selected. If more hotspot areas 
contain the point selected, (in the case of overlapping selection areas) then 
the selection area with the lowest Selection Humberts selected. 
The hotspot coordinate area defines a rectangular Selection Area on the 
screen. A scaled coordinate system is used such that the extreme upper left 
screen co-oridinate is. 0,0 and the extreme lower right screen co-ordinate is 
255,255. 
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I-picture 



JPEG 

Isb 

LSB 

MPEG 

MPEG^PS 

MPEG 
private 
stream 

msb 

MSB 

N/A. 

NVRAM 



OGT 



PIT 
PCP 



Playback 
device 

PS 
RT 

R/W 



For I-field pictures, i.e. when a video frame is encoded in the form of two 
fields, the sector containing the stan of the I-picture with the first of both 
fields shall be referred to. (even when the 2"** field is closer to the expected 
grid). 

Joint Photographic Experts Group, See ISO/DEC 10918. 
Least significant bit. 
Least Significant Byte. 

Moving Picture Experts Group, see ISO/BBC 1 1 172. 

A MPEG-2 Program Stream, that can contain a video stream, zero or more 
Audio streams and a MPEG private stream. 

A MPEG private stream that contains the OGT data and Trigger.data 



Most significant bit. 
Most Significant Byte. 
Not Applicable. 

A Non Volatile memory in the Playback device to permanent store a part of 
the Global variable registers for a disc, and shall be recalled when a disc 
belonging to the same album is played again. This is an optional feature of 
the playback device, unction that is called when a register is set. The 
playback device shall uniquely allocate the NV-RAM memory for each 
. disc by using the Album ID as unique identification. 

Data that define the Overiay Graphics and Text function for the MPEG 
decoder. 

The MPEG stream can contain in the Private stream up to 8 OGT channels 
numbered from 1 to max. 

Play Items Table, a list of all MPEG file entry points (access sector$). 
Playback Control program. The program is recorded in a form that is very 
compact and easy to implement. It*s compiled and optimized during the 
authoring process. The playback device (player) uses the PCP for 
navigation and playback selection. 

A compliant device that contains a disc loader with optical pick-up unit and 
servo controller, MPEG_decoder, and Playback processor with user I/F, 
player control and PCP interpreter. 

A MPEG Program Stream, a collection of MPEG Elementary streams. 

Read Time, a classification for (MPEG) files that has to decode data for 
Real lime output. 

Read and Write, used to define the characteristics of the PCP registers. 



Data types and structures 



Bit 


A binary dijdt that can have value %0 or %1. Bits are numbered as b^number 


n^bit data 


A stream of n number of bits, where the first bit =b#ii-7 ami the last bit=:b#0 (msb) 


True 


A Iop^:al state of a n-bit data value, where one or more bits = %l 


False 


A logical state of a n-bit data value, where all bits = %0 


Byte 


A 8-bit data value, that represent the values (L255 
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Zero_byte 



Rcserved_byte 
Character 



A bvte with the value of 0 ($00^ 



A Zero_byte reserved for future use; 
A bvte representing a Charaaer, coded as 150646 



Number 



One of the Characters ^123456789" 



N-byte integer 
N-bvtc word 



A posinvc value represented by a String of Pipit 



A signed vaiu e of N bytes recorded in 2*s comptement format 
An unsigned value of N bytes 



Item 

Item^type 


Any data as an array rC/or/ bvte] of bvte. where the Item size :r Inn bvte+J- 

Optional items are enclosed by <> " ~ ' 

One of the following data types: ' — — 

Boolean: False..Tnic 
Byte 

Character 
N-byie integer 
N-bytc word 
StringO 
Arrayfl 
Record 


Array! 0 lastjtem ] of 

Item.type 

Index 


A collemion of consecutive indexed items, ftom 0 to the last item, of the same 

Ilcm_iype. 


Stnn%\ length) 


A n-bvie word, used to mdicaie or reference an item in an array 

An array of up to max. length number of character's. The siring is padded with 

Zero.bvtc^s for not used characters. An emptv string contains onlv Zgm byte's 


Fleid.item 


A data suiicturc defined as " ^ 

_Siruc| Item^name <Jtem name>ofltem type ) 


Record 
Table 


A data structure defined as 

Slruc{ Field Jtem <; Field.iteno ) 

These items form a block of consecutive bvtcs. recorded in sequential order 

An Arravl 0.. last record 1 of Record 



System overview 

IWs is a disc system to present full motion pictures with associated audio by using any ROM 
(2K addressable sector) disc format. The system uses the ISO/IEC MPEG? standard 
definitions to compress the video, slill picture and audio information for full screen TV 
quality pictures together with associated high quality audio. The disc also contain hi^h- 
quality sull pictures (menus) and a Playback Control Program file for navigation and" 
playback control of the disc. 

Player Reference Model 

The system consists of a disc and a compliant playback device (player). 



Disc Reader Module 



MPEG decoder 

Overlay Graphics and Text (OGT) 
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Cache Memory 

This is an optional feature in a playback device. To access a file in a player can take up to 1 
or 2 seconds, but by storing frequently used files in a Cache RAM memory the access time 
can be neglected. When a MPEG file is read for the fust Ume. the playback device can decide 
to store the file in the cache depending on the priority value and how full the cache is The 
pnonty value gives an estimated likelihood that the file will be used again. This is specially 
useful for Menu sUlI picture files, which nomially have a size of 1-200KB The cache 
memory need to be 1MB or more, but with the falling memory prices this will only add a 
marginal cost to a player. 



IS 



Disc structure 

Disc 
Stelor 


An Array (OJarr jffc/orl of Sector. 

An Arrayl0^0471 of Byte. User data is recorded in the Sector 


Scctor_addres 
Sector.size . 

File structure 


A 3.bYic word value rcDrcseniinR the Sector index number in the Disc aixav. 
The sector size is fixed to 2048 bytes. 


File ~ 
Flle^start address ^ 


User bytes arc stored on the disc as an ArrayJO last^byie] of byic» indexed by 
FUe.bytejMsition. The File is recorded in die consecutive sectors as defiiied by 
Discfrde^start^address ^ file^end.address] of Sector. The last sector is padded 
wiUizero bytcV 

The sector_address value of the ftrst sector of a file. 


FHe.size 

File_byte position 


The sector.address value of the last sector of a file. 

A 3-bytc word value representing the number of Sectors recorded on the disc diat die 
file occupy. The value is = {File^aid^address - Ftle^start^address^iy Note that the 
number of bytes in die file is s fFile size ♦ Sector size) 
An index of a byte in HlelO last frwel. 


Structured^Gle 


A file starting with a Fde.header, followed by an Array of Items, indexed from 0 lo 
last^item. The item structure is depending on Fllc^ID value, and is defined below for 
each specified File^ID. 

The file smicture = strucf Fde header: anrayfO. Joir i7e«il of Item ] 


FDe^header 


A record that coniains mformation about die stnictured.file defined as Struc{ 
FlIeJD, itenuofls, Item^size, Item^count of 2-byte word; 
<, Info of Arrayr0..ib5f b\te^ of bvtc > ). 


FilcJD 

Item.ofTs 
Item.size 


A word idendfying a specific file. Specified file_ID*s arc: 
Os unspecified file 

1 = File Record Table (FRT) file 

2 = Play Item Table (PIT) file 

3 = Play Control Program (PCP) fde 
10 s MPEG movie file 

lls= MPEG audio file 

12 = MPEG picture file 

13 = MPEG show file 

20 = JPEG picture file 

21 = Bitmap image file (.BMP) 
Odier values are reserved for future use, 

A 2.bytc word for the file byte position of die first item widi index = 0 
A 2-byte word for the number of bvtes an item contains. 
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Item count 



A 2-bvte word for the number of items in the file g (last item+ 



An optional field to score specific information. 



File Record Table (FRT) file 

A structured file that contains a Table of File.directory^records indexed by a 

Rle number The record contains infonnation about where the files are located on the disc 

The default File^number of this fi le = 0. 



UDF file name 
File^header 


' ='*FRT3IN" : • — 1 

The filc_hcadcr is defined as: '■ ' ~ ~ 

FUeJD = l 
Item.ofis = 24 
item_5ize=I6 

ltem_count = number of File.directory^records 
Infos Disc info of 16 bytes 


DSsc.iiifo 
Albuin_ID 


A 1 6 byte Record that contain information about the disc, defined as Struck 
Album ID — d.hvrf» 

DiscJD = 2-byteword; 
Disc_^count » 2-byte word; 
NVRAM^slzc =r 1 .byte word; 
Reserved ==7 Zero bvtes ). 


Disc_Ib 
Disc_couDt 


A unique number that is the same for aH dis« that bdone to the same Album 

A sttjuennal number starung from 1 that identifies the sequential order of the disclS~ 

the Album. 


NVRAM.sIze 


A 2rbyte word thai contains the total number of discs in the Album 
Al-tjyte value that defines the number of Global Variable registers, Rcg[0 
f^fVRAM^size'Il that shall be permanenUy stored imo the NVRAM -of the playback 

iT'^'l "^TfTJ*"^ "^'^ ""^PP^ ^" ^"'^^ Goto.dlscO function. At startup of a 
disc the NVRAM data shall be loaded into the same specified Global Variables 
again. If the NVRAM^size = 0 then no acUon required. The playback device suonort 
of this NVRAM feature is ootional. ^ ^ ' "^"^ 


FUe.directory.record 
File_address 


A 16 byte record of 4 fields that contain file information data defined as- 

Stnicf File^address, File^si2eof3.byte word; FUeJD of 2'byic word: nie info of 
8 byte record ). 

The Fik^ID = the File ID value of the referenced file. 


FDeJnfo 


/\ j-uyiu wui u setiui aiiaress of ihe iirsi sector ot the file 

A 8 byte record that contains information about the file, defined as Stnic{ 

Priority = 4-bit word ( 0.J5); 

Riestrictibn^category = 4-bit item, (t b.d) 

Video.type = 8-bit item; (PAL /NTSCJuU-/ sub-picture) 

Audio.streams = 8-bit item; (see 0 and 0) 

OGT.strcams = 8-bii item; (see 0) 

Playing.time = 2 byte item; (sec 0) 

Sectoiurate = 1 byte item, that for RT files, indicates the average number of sectors 
(m umts of I6K or 8 sectors) per second. For non RT files this value is 0 (sec 0) 
ms value is used by the Playback comroUer to estimate the entry point into a MPEG 
file for a scan Junction or jump to time (seconds) fimction. by calculating the sector 
offset as (Seaor_rate * time). 
Reserved = 1 Zero bvte }. 


Priority 
File_number 


A value a.l5 that indicates the frequency distribution a file is expected to be 
accessed, where the value of 15 is uscid for the most frequent files, e.g. Menu^s This 
value can be used to support a cache memory feature in the playback device to 
improve the playback performance, see 0. 

A 2-byte word Item index of the File_directorv record in the FRT file 
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supported, those that has been stored in the NV-RAM.. 
At read return the set value. 
At write set value. 


32 ..63 


Parameters 


1 lice registers, indexed 32 lo 63, are used for passing parameters to a FB 

function, and for returning parameters firom a FB functioru Before callina a FB 

function mtcrmediaie results should be saved in the local FB variables 

At startup the variables should not be set, and shall keep its values during the 

change of a disc. - 

At read return value. 

At write set value. 


64 ..95 


Local FB variables 


" 64 to 95. can be allocated to be used locally by the 
called FB function or the eiror handler. These variables are allocated by setune 
klfiir.k!^:^? : ^^^^^ ™ vanables shall be saved in memory 
before the new FBfunction starts. Local FB variables of the calling FB function 
sha be restored from memory by the RenimQ fiinaion. Allocated variables 
shall be set to 0. 
At read return the set value. • 
At write set value. 


96 .. 
127 


reserved 


Reserved for future extensions. . " — 



Player API registers, R[128.^55] 



Index 
128.. 
143 


Register 

Hotspot_area_top 
ID = #128 ..#143 


Description ^ i 
At startup the register shall be set to -1 if Hotspois are supported by the 
playback device else it shall be set to -2. 

At read return the vertical position of the top line of the hoispot(#ID) selection 
arei. ID values 128 ..143 are mapped to register values 128 143. If the hotspoi 
IS disabled then rettim-1. Sec 0 *^ 

At write set the top position for the hoispot(#ID). If this register is set to -1 then 
the notspot IS disabled. 


144 
159 


Hotspot^area.bottom 
ID = #128. #143 


At startup the register shaU be set to -1 if Hotspois are supponed by the 
playback device else it shall be set to -2. 

At read return the venical position of the bottom line of the hotspot(#©) 
selecuonarca. ID values 128 .. 143 are mapped to register values 176 .. 191 If 
the botspot IS disabled then return -1. See 0 

At write set the bottom position for the hotspot(#ID). If this register is set to -J 
then the hotspot is disabled. The hotspoi bottom value shall be i»p vai.». 


160.. 
175 


Hotspot area left 
ID = #128. #143 


Ai suinup the register shall be set to -1 if Hotspois are supported by the 
playback dewce else it shall be set to -2. 

At read return the horizonurielinjost pixel position of the hotspot(«D) 
alection area. BDiralues 128 ..143 arc ^ppcd to legister valueTiga - '>07 If 
the hotspot is disabled then return -1. See 0 

At write set the horizontal left most pixel position for the hotspot(«D). If ihi^ 
register IS set to -1 then the hotspot is disabled. 


176 
191 

192 


Hotspot_area right 
ID = #128. #143 

reserved 


At startup the register shall be set to-I if Hoispots are supported by the 
playback device else it shall be set to -2. 

At read return the horizontal right most pixel position of the hotspot(#ID) 
selection area. ID values 128 ..143 arc mapped to register values 208 223. If 
tne hcMspot is disabled Uien return -1. See 0 

At write set the horizontal left most pixel position for the hotspot(#lD). If this 
register is set to -1 then the hotspot is disabled. The hotspot right value shall be 
>= leit value. 



223 
224 



225 



Locals^size 



FBaddress 



At startup the register shall be set to 0. 
At read return the current FB local variables size. 
At write call the FB local va riables menwrvfsize) funcUon. See Q 
At stanup the register shall be set to 0. 



wo 01/35416 



PCT/EP0O/ini4 





• MPEG Audio only with no pictures or video. 
If a Play Item includes one or more still pictures, the last piaurc is displayed undl it is 
replaced by a new Piav Item. 


Acces5.point 


A 3-bytc reference address to a MPEG^lUe sector that contains the beginning of a 
MPEG I-picture or for a MPEG audio file the beginning of a audio frame. These are 
the entry points where the FCP program can start playm in a MPEG file. 


Trigger jMunt 


A 3-byie reference address to a MPEG^file sector that contains Trigger.data stored 
in the Private Stream. When the playback^device is playing a MPEG.filc and passes 
a TriRRer.poInt then it should check if a Trieeer eventO function should be called. 


Trigger_data 


A 16-bit data value in the MPEG private stream, which can be filtered by a 
TriRger^mask to decide if a Trieeer eventO shall be called. 



Play Control Program (PCP) 

The PCP contains the navigation structure of the disc. The PCP is stored in PCP files. The file is divided into 
functional blocks called FB. At startup of the disc the PCP file with Filei^number = play, the PCP interpreter 
starts to interpret the first FB at address = 0. and continue until an EndQ function is called. 

PCP file Structure 



Conunand 


A5-bytc Item that contains the PCP interpreter insuiiciion code. Commands arc 
referenced from 0 to last Command in the FB. 


Command.lndex 


A 2-bytc word Item Judex in a FB. The Comniand.index is = 0 for the first 
Command in a FB. 


FB 


A block of consecutive Commands, that represent a FB functionO that can be called 

by setting the FB.address register. 

The size of a FB block shall be less than ?? Commands. 


FB.address 


A 2-:byte word Iiemjndex of the first Comnmnd in the FB. The address of the first 
FBin the PCP file ==0. 



5 



PCP Interpreter 

The PCP interpreter shall interpret and execute the Commaind instructions in the FB. These 
Commands shall be interpreted in sequential order one by one, until a Retum() or an other 
function is called. If an error is detected the Error^handler shall be called. Most Commands 
10 will only be executed if a specified Command condition is fulfilled. 

The PCP interpreter is easy to implement with a standard micro-controller, as it needs only 
to handle three simple type of operations: 

• Read / Write of variable and register data 

• Arithmetic operations on variables 

15 • Command interpreter sequence management 

PCP structure 

The relation between the different PCP data elements are shown in the figure below. 
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Command 


Command 




Command 


0000 


0001 




last 



PCP Interpreter reference model 

TTie PCP interpreter reads the commands in the FB one by one and executes the command 
instniction as defined in section 0. The command reads and writes data into the Variable 
Array. Values written into the register variables shall be stored in memory. If a value is 
written into the Player register part then a specific functionQ is called and shall be executed 
before the next command is interpreted. See the figure below. 



Variable Array Reg[i] 



Command 




PCP 


nnnn 


^ 


interpreter 




Register variables 

Reserved variables 

Plaver register API 
Read status 
Write commands 



10 FB program flow structure 

The control flow structure between FB's, PCP files, and discs is shown in the figure below. 



wo 01/35416 



PCT/EP0D/lin4 



Start 





CallO 




CallO 






FB 00 


ReturnO 
< > 


FBxx 


^Return(^ 


J^Byy 
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Player States 



The MPEG player in the MPEG device can be in one of the states as described below. These 
states are important for the Play() function, see 0 

5 



State 


Description 


Stopped 


The MPEG player stopped decoding the MPEG strcam/dthcr bv a PlayO command or by an 
End oLFiIe event. The last MPEG picture should remain on the screen. 


Playing 


The MPEG player is active decoding the current MPEG stream. 


Paused 


The MPEG player can be paused during Playing directly by ihc user, ll does not effect the 
Interpreter as it is halted wailing for an EventO. When the user wants to cominue the Player 
shall return to the Playing state. 


Scanning 


The MPEG player can scan the MPEG stream (file) forward or revCTsc during Playing 
directly by the user. It does not effect the Interpreter as it is halted wailing for an Event(). In 
the MPEG info record there is a field that gives the average bitratc to guide the player on 
how many sectors to jump per second. When the user wants to continue the Pla)-er shall 
return to the Plavin^ state. 



PCP registers 

The PCP interpreter uses an array R[0^55] of 2-byte (16-bit) registers, that contain 
10 variables and player registers that functions as an API for the PCP interpreter to interface 
with the player functions and MPEG decoder. The PCP_rcgisteis can be read and written to 
by the PCP interpreter. The 256 registers arc indexed finom 0 to 255. The player shall set the 
defined player registers reflecting the current player status to be read by the PCP interpreter. 
At start up of the disc the default player values should be used. Some players allow the user 
15 to change the default values. The PCP can control the player by writing a value to a RAV 
player register, and the player has then to execute controls that would generate the same 
status. Note that a R/W player register actually consists of two different registens, one for 
read of the player status, and one for giving a command to the player. When the player is 
busy executing a register command, then these values could be diffwenL 

20 Variable registers, R[0»95] 



Index 


Register 


Description 


0,.31 


Global variables 


These 32 registers, indexed 0 to 31, arc used for storing global accessible 
variables. 

At startup these variables shall not be seu except if the NV-RAM funaion is 
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supported, ihosc that has been stored in the NV-RAM.. 
At read return the set value. 
At write set value. 


32;. 63 


Parameters 


These 32 registers, indexed 32 lo 63, arc used for passing parameters to a FB 

function, and for returning parameters from a FB functioa Before calling a FB 

function intermediate results should be saved in the local FB variables. 

At startup the variables should not be set. and shall keep its values during the 

change of a disc. 

At read return value. 

At write set value. 


64 ..95 


Local FB variables 


Up to 32 registers, mdexed 64 to 95» can be allocated lo be used locally by the 
called FB function or the error handler. These variables arc allocated by setting 
the FB var.size register. Allocated local FB variables shall be saved in memory 
before the new FB function starts. Local FB variables of the calling FB function 
shall be restored from memory by the ReturnQ function. Allocated variables 
shall be set to 0. 
At read return the set value. 
At write set value. 


96.. 
127 


reserved 


Reserved for future extensions. 


Player 


API registers, RI128..2551 


index 


Register. 


Description 


128 
143 


Hot5poi_area_top 
ID = #128 ^#143 


At startup the register shall be set to -1 if Hotsi)Ols arc supported by the . 
playback device else it shall be set to -2. 

At read return the vertical position of the top line of the hotspot(#ID) selection 
area. ID values 128 ..143 arc mapped to register values 128 143. If the hotspot 
is disabled then return -1. See 0 

At write set the top position for the hoispot(#ID), If this register is set to -1 then 
the hotspot is disabled. 


144.. 
159 


Hotspot.area bottom 
ID = #128 ^#143 


At startup the register shall be set to -1 if Hotspois arc supported by the 
j)layback device else it shall be set to -2. 

At read return the vertical position of the bottom line of the hotspot(#ID) 
selection area. ID values 128 .. 143 are mapped to register values 176 191. If 
the hotspot is disabled then return - 1 . See 0 

At write set the bottom position for the hotspotf#ID). If this register is set to -1 
then the hotspot is disabled. The hotspot bottom value shall be >= top value. 


160.. 
175 


Hotspot.area.left 
ID = #128 ...#143 


At startup the register shall be set to -1 if Hotspots are supported by the 
playback device else it shall be set to -2. 

At read return the horizontal left most pixel position of the hotspot(#ID} 
selection area. ID values 128 ..143 are mapped to register values 192 .. 207. If 
the hotspot is disabled then return -1. See 0 

At write set the horizontal left most pixel posidon for the hotspot(#lD). If this 
register is set to -I then die hotspot is disabled. 


176.. 
191 


Hotspot^area right 
ID = #128 ..#143 


At startup the register shall be set to -1 if Hotspots arc supported by die 
playback device else it shall be set to -2. 

At read raum die horizontal right most pixel posidon of die hotspot(#ID) 
selection area. ID values 128 ..143 arc mapped to register values 208 .. 223. If 
the hotspot is disabled dien return -1. Sec 0 

At write set die horizontal left most pixel position for die hotspot(#lD). If this 
register is set to -1 then die hotspot is disabled. The hotspot right value shall be 
>= left value. 


192.. 
223 


reserved 

• 




224 

225 


Locals.size 

FB_address 1 


At startup the register shall be set to 0. 

At read return die current FB local variables size. 

At write call die FB local variables memorrisize) function. See 0 

At startup the register shall be set to 0. 
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Ai read return current FB^address! " ' 

At write call the FB(address) function. Sec 0. 


226 


FlIe.Number 


At stanup the register shall be set to 2. {the first PCP file) 
At read return the FiIe.Number of the current PCP fHc. 
_ At write call the goto Pa>mie Numbertfunction. See 0 


227 


Disc.Nuinber 


At stanup the register shall be set to 1 . 
At read return the Disc.Number of the current disc. 
- At write call the goto DiscfPisc Numhpr^ function See 0 


228 


Playjum 


At stanup the register shall be set to -1 . 
At read reUirn the play event ID value. 
At write call the plavfPIN) function. See 0. 


229 


MPEG.fiieJnfo 


At stanup the register is set to -1 . 

At read return cuircnt MPEG file number if the last write call was successful 
else return -1. 

At write call the MPEG file bifomie number) function SccO 


230 


Playing^time 


At startup the register is set to 0. " ! ~ 

w ^ P'*^"^ ^ ^°"^*> MPEG file updated 

bytheMPEG.filc^lnfoftinclion. 

At write do nothing. 


23] 


OGT.channels 


At stanup set to 0. ~ 

At read renirn the number of current available OCT channels of the cuneni 
MPEG file updated by the MPEG.file.info function. See 0. 
At write do nothing. 




OGT^selcct 


At stanup set to 0. " 

At read reiuni the cuircm selected OCT channel. If OCT disabled then return 0. 
j^Lwrite call the OCT seledfchannel) function. See 0 


233 
"234 


Audio^streanis 


At stanup set to 0. ' : 

tl^^lV^ ''""^^"^ available Audio streams of the current 
MPEG file updated by the MPEG Jle.info function. See 0. 
At write do nothine. 


"235 


Audio^seled 


At stanup set to I. " ■ 

At read return the cun^nt seleaed Audio.stieam number. If Audio disabled 
then return 0. 

At write call the Audio select(streani number) funcUon. Sec 0. 


"236 


Audio^mixtng 


At startup the register set to playback device default value. {stereo^S) 

At read return the current Audio mixing sertino ' 

At write call the Audio mixingrdata) function. See 0. 




OGT_iniage 


This is an optional extension. '• ' " 

At sianijp the register shall be set to -I if OCT rendering is supported bv the 
playback device else it shall be set to -2. 

At read return the current File^Number of the Image file. If no imace displayed 
men return -1. If this function is not supported then n:ium -2 
At wntc call the OGT rendering function, see 0 


237 
248 


reserved 


Reserved for future extensions. ' ' 


249 
~250 


Trtgger_ma5k 


This register is used to filter the Trigger.data in the MPEG stream to define if a 

trigger event shall occur. See 0. 

At startup this register is preset to -1 (SFFFF). 

At read return the current trigger mask. 

At write set the Trigger^mask. If the register is set to 0 then the Trigger 
function is disabled. 




liserkey.mask 


This register IS used to enable and filter the User keys. Each bit represents one 
of the keys. If the bit is set then the key is enabled, else \Cs disabled. 
At startup this register is preset to -J (SFFFF). 
Atread return the current mask. 

At write set the user key mask. Bhm represents the user key with number = 0 

and soon unulbit#l5thaircpresenisihe user key with number= 15 If the 
register is set to 0 then all user kevs arc disabled. 


251 


]nput_data 

■ , .. 


This register returns the last pressed User key number or selected Hotspot ID 
number. For user kev values see 0. and for Hotspol ID values see 0. 
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At stm\ip this register is set to >1 . 

At read return the current Input.data (User key or Hoispoi number). 

At write reset the Input^data to 0. If the value is in the range 128..143 then also 

highlight the conespbndina hotspot area else no hotsooi shaU be hiRhliEhted. 


2j2. 


Timer.data 


At startup the register shall be set to 0. 

At read return the current Timer value ( irv units of 1/10 sec ). 

At write can the Timeristart.time) function. Sec 0. 


253 


NVRAM 


At startup the register shall be set to the NVRAM.size value in the Disc info 
record. 

At read; If no Global registers could be restored forro die NVRAM then return 
0. else return die NVRAM^size valiie. 
At urrit^ Tin nkt^ttnn 

i^l VVlllW IIU 4tL*llUll. 


254 . 


Error.handler.block 


At sunup the register is set to >1. 

At read return current Error handler address. See 0 

At write set die locadon of die PCP^block to execute by die PCP interpreter 

when an Error has been detected. 


255 


Error.code 


At startup the register is set to 0. 

At read return current Error_code. See 0. 

At write die Error code wilTbe reset to 0. 



registers, shall generate an error. 

PCP Player (API) functions 

The Playback device shall support the following functions. 
FB local variables niemory( size ) function 

This fimction is called wher» the FB var_sl2e register is set It shall allocate the number of requested local FB 
variables m memory. The total memory « limited to 256 variables (512 bytes), so this function is to optimize the 
memory usage handling by the PC3> interpreter. Up to 32 variables can be allocated for each FB function. The size 
value IS reset to 0 when a new FB function is called, so the register must be set to l_32 before local FB variables 
can be used, else an error will be detected. 

FB( address ) functions 



Value 


Function 


Description 


-1 


RetumO 


Continue to interpret die Command following die Command that called the FB 
function or error handler. 


0 


ResetO 


Clear die Local Variable stack, and die Return slack. 
Start interpret the first FB at FB address = 0 


nnnn 


FunctionO 


If nnnn is a valid FB_address dien call the FB function at address = value. 
Set the local FB variable size.to 0. 


else 


ErrorO 


Generate anEiTor 



Goto_PCP(File_number) function 



1 


Function 


Description 


2 


RestariO 


Load default FCP fde widi fde^number = 2. Clear die Local Variable stack, and 
die Return stack. Start interpret the first FB at FB^ address = 0. ' 


nnnn 


Goto.PCPO 


If mrnn is a valid File.number for a PCP file* then load die FCP file widi 
file.number ^ nnnn. Clear die Local Variable stack, and^he Return stack. Start . 
interpret die first FB at FB address = 0. 


else 


EnrorO 


Generate an Error 
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Value 


Function 


ulc iyi:»c_nuniDer register with a value as defined below 
Description 


0 


EndO 


A funcuon that ends the PCP playback (interpreter execution) and returns 
control to the playback device. 


1 

Disc_coun 
t 


Goto_DiscO 


Stop playing currcni disc. Change disc lo a disc with this Disc number Start 
playing the disc. Note that the Global variables shall not change values durine 
the disc change. * 


else 


Error 


Generate an Error ~ 



PlayO function 



Value 


Function 


ui^ i^iaj^iiem register wiin a value as defined below. 
Description 


-1 


Stop 


If the Player was Playing then the MPEG decoder shall be 
stopped and the last MPEG pictiffe shall remain on the 
screen. 


PIN 


Play. 


If PIN value is valid and the player was Stopped then the 
playback device shall start playing the Play Item indexed 
by the value in the playjtem register. The PCP interpreter 
will wait to execute the Command until a play_event() has 
occuired. 

If PIN value is valid and the player was Playing then 
continue playing and hah the interpreter to wail for a 
Play eventO. 


else 


Error 


Generate an Error 
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Figure 1 Play() function program flow 
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Play^eventO 

A Play^event can only occur during the Play 0 function, and the corresponding 
play^event JD value shall be returned in the Play^ltem register. The play.events are listed 



Play__even 
t ID code 


Play^event 


Description 


-1 


End.oLfile 


An event called from the MPEG player, to mark that the 
player has reached the end of the MPEG file, 


-2 


Timer^terminate 


An event called from the player controller, to mark that the 
timer has reached the time - 0. 


-3 


Trigger_ppint 


An event called from the MPEG decoder, to mark that a 
specific point in a MPEG Jle has been passed during 
playback. The event shall be called if the logical result of 
(MPEG trigger^data & Trigger^mask) = True. 

Jt is possible to me different kind oftriggers by setting the 
msb bits as selectors and the lower bits as a trigger 
number. 


-4 


Userkey.input 


A funcuon called from the player controller, lo mark that a user key has 
been activated by the user. The event shall be called if the User key was 
enabled by the userkey mask 


-5 


Hotspot.select 


A function called from the player controller, to mark thai a hotspot has 
been selected by the user. The event shall be called if the hotspot was 
enabled by valid area coordinates. 
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MPEG file info function 

This function is called when the MPEG^fiJeJnfo register is set to a file.number of a 
FiIe_directory_record in the FRT file. The Plajing_time, OCT and Audio_stream 
registers shall beset according to the File^info stored in theFile_directory_reconl This 
register shall return 0 if the file.number is not valid or the FHeJD o 10 (MPEG file) else 
it shall return -1. ~ . 

OGT_select(channeI) function 

This function is called when the OGT_seIect register is set. Select the OGT_channel to the 
set channel. If set to 0 then disable display of OGT. If set to an invalid value then return 0 
(disable). 

Audio_select( stream number ) function 

This function is called when the Audio_seIect register is set. Select the Audio stream to the 
set number. If it is set to 0 then disable (mute) audio. If it is set to an invalid value then return 
U (ai sable). 

Audio.mixing( data ) function 

This function is called when the Audio^mixing register is set. Set the Audio mixine as 



Data 
value 


Audio mixing setting description 


0 


Audio mute 


1 


Left channel only ' 


2 


Right channel only 


3 


Stereo 


4 


Surround sound 


else 


Do nothing 



HotspotO function 

The hotspot function is used for user interaction on the screen, so a user can select a hotspot 
(by cursor or pointer control) to interact with the PCP. The ID number (128 143) of a 
selected hotspot shall be stored in the Input.data register. The area within the indicated co- 
ordinates (top, bottom, left, right) shall be highlighted. Highlighting can be done e ^ by 
drawing a frame aroundthe selected hotspot area, or by changing the contrast withinlhe 
selected area. The playback device can chose frame thickness and color. Such highlishting is 
recommended to have two views, one when the pointer is inside the hotspot area or one when 
the hotspot IS selected. If more hotspot areas contain the point selected, (in the case of 
overlapping selection areas) then the selectidn area with the lowest ID number shall be 
returned in the Input.data register. A hotspot is enabled when all area values are valid 
defined by (all values >=0 and within the screen area, and bottom >= top. and right >= left) 
If a^hotspot IS disabled then all hotspot area registers shall return -1 . A hotspot area can be 
highlighted by writing a valid ID number for an enabled hotspot in the Input.data register 
If the Input_data register is set to an invalid value then it shall return - 1 . 

UserkeyO functions 

The UserkeyO function is initiated by an user interaction pressing an enabled key The key is 
enabled if the corresponding Userkey.mask bit is set to 1 . The function returns the Key 
number value in the Input.data register as defined in the table below 
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Key Userkey.mask bits User Key 
number (msbJsb) | description 



0 %0000 0000 0000 0001 

1 %0000 0000 0000 0010 

2 %0000 0000 0000 0100 

3 %0000 0000 0000 1000 

4 %CO0O 0000 0001 0000 

5 %00000000 0010 0000 

6 %0000 0000 0100 0000 

7 %000b 0000 10000000 

8 %0000 0001 00000000 

9 %0000 0010 0000 0000 

10 %0000 0100 0000 0000 

11 %ooqo 1000 0000 0000 

12 %0001 000000000000 
13. %0010 0000 0000 0000 

14 %0100 0000 0000 0000 

15 %1000 0000 0000 0000 



Numeric key 0 
Numeric key 1 
Numeric key 2 
Numeric key 3 
Numeric key 4 
Numeric key 5 
Numeric key 6 
Numeric key 7 
Numeric key 8 
Numeric key 9 
Up key T 
Down key i 
Left key 

Right key -» 
Enter key J 
Trigger key • 



Tinier(tinie) function 

This funaion is called when the Timcr_data register is set. The timer is started when the Timcr.data register is 
set to a value that is >0 (in units of 1/10 sec), and decrement the register value each 1/10 second until it reaches 0, 
when the timer is stopped. If the Timer.data register is set to ft then the timer shall be stopped. 

Error handling 

5 Eirors are handled by the Error handier, that can choose to skip the current command or to 
end the PCP playback. The location of the Error handler command block is stored in a 
dedicated register. The error handler retinns to the next conimand (skip) by a return 
command, and ends the PCP playback by calling an EndQ function. Different types of errors 
that can occur during the PCP playback. The error code can be read from the Error^code 
10 register. 



Error 
code 


Error type 


Description 


0 


void 


No error 


1 


Read error 


Disc damaged 


2 


Access error 


Sector address not found 


3 


File error 


Wrong PIN number 


4 


Invalid File 
number 


An invalid Flle^number was set 


5 


Command code 
error 


Command code not valid 


6 


Command index 


Command index out of raiige 


7 


Execution error 


Divide by 0 


8 


Invalid register 


A reserved register was addressed 


9 


Invalid Disc 
number 


A Disc^number > Disc^count was set. 


else 


reserved 
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OGT.rendering function 

selected HotsSl area. p1 of^e i™age^^^ ''['^' ^^'^^^^ into a 

discarded (cropped). ^ ''°'^P°» '''ejection area shall be 

can also be seUaive on language pre/erenc^ " ""^ W 

PCP Command definiUons 

operands in the Table iX Mo« co,^^^^^^ "1 '^'^"'^ ''^ "^P^^^e and 
or two variables. .eanfngLfL"^^^^^ 

A vanable value or Register setting in the Variable AiaycTbe^^^ " 

reading a value is done by a conditional test ThTlo!!^ be wntten by a command, and 

Commands art. referenced by DnSl^rw^^^^ are referenced by Rlindex]. 

beginning of the current Function Bl^^ra " ' ^ "^'^^'^^ »° 
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Command codes 



byte #1 opcod 
msb 
7..6 1 5.3 1 


c 

Ub 
2..0 


byte 
#2 


Byte 

. #3 


byte 
#4 


byte 
#5 


Opcode name 


00 


condl 


XXX 


i 


j 


dd 


dd 


calculate! xxx 


01 


condl 


XXX 


i 


j 


k 


1 


ca]culate2 xxx 


10 


condl 


uuu 






k 


1 


move 


10 


coivd2 


001 


i 


i 


k 


I 


nx>ve 


10 


condl 


010 




J 


dd 


dd 


set const 


10 


condl 


Oil 


i 


j 


dd 


dd 


set random 


10 


000 


100 


i 


j. 


dd 


dd 


fill 




condl 


000 


i 




idx 


idx 


jump 




oond2 


001 


i 


i 


idx 


idx 


jump 




coodi 


too 


i 




idx 


idx 


loopl 






101 


i 


j 


idx 


idx 


loop2 




condl 


110 


i 


j 


idx 


idx 


loop3 



C code like description 



if condl { R[)>RU]opcode(xxx)dddd 
if condl I RU>RWopcode(3ax)R(l) ) 

if condl I Rnc)=Rni ) 
ifcond2| Rpc}=R[|J J 
if condl { R[)>dddd ) 
if condl ( R(j]=random valur. 
0<=RU)<5=dddd ); 

if (dddd=$0000) (randomize/change 
seed) 

for (n=^ ; txj+i; -M-n) ( Rf n)=dddd ) 

if condl (jumpioGmdtidx)l 
if cond2 (jump to Cmd[idxl j 
if condl I ~Rli);jumpioCmdlidxl ) 
ifcond2 I -R(i]; jumptoCmdIidxJl 
if condl {-RIiJ:-RUl;juropto 
CrndfidxH 



Notel : If an index or other 
Note2: bA 7 is msb and bit 
5 Note3:lfallbyte3ff1to«5 



value is out of range then an ExcepUon.Error shall be executed. 
Olslsb. 



are equal to 0 then execution skipped as a No Operation ( NOP ). 
operand symbols 

In the PCP opcode and operand definition table special symbols arc used for different 
definitions as specified in the following table. 



symbols 


length 


Meaning 




1 byte 


These leuers arc used to index variables ( e.g. variable with index i is R[i]); If 1 jdentifies 
a is reserved variable then opcode instruction is not executed 


dddd 


2 bytes 


a signed 16-bit constant, where bvte#4 is the msb and bvte#5 Isb 


condl 
cond2 


3 bits 


Test for execiuion; if the test fails d^en jump to next Command else execute the opcode 


idx 


2 bytes 


Used for jump to a command with index - idx 


xxx 


bits 


See separate defmition table for meaning 




Ibytc 


Byte is not used (VOID) 



10 



15 



opcode conditions 

Reading Array variables is done by a conditional lest. If a condition is not TRUE then the 
next conunand entry shall be executed. The cond.l test compares a variable R[i) compared 
to 0, and the cond.2 test compares the relation between two variables R[iJ and R(j] as 
defined below. 



bit 5^ 


cond.l semantics 


cond_2 semantics 


insb..]sb 






%000 


True 


Rn]=j 


%001 


Rlil>0 


Rli>Rlj] 


%010 


R[t]<0 


R|il<RUl 


%011 


Rfl]=0 


R[il=RHi 


%101 


R[i>=0 


R[i]>=Rm 


%110 


Rril<j=0 


Rfil<=RIIl 
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opcftde function derinitions 

calculate.l function ~ If condl TRUE then variable RU] indexed by byte #3 is set the 
outcome of calculation with the constant = dddd. defined by bytes #4 and #5. where byte #4 
is MSB. The type of calculation is specified by the opcode(xxx) bits 2..0. as in table below 
calculate_2 function ~ If cond2 TRUE then variable R|j] indexed by byte #3 is set the 
outcome of calculaUon of variable Rtk) defined by byte #4 and R[l] defined by byte #5 The 
type of calculation is specified by the opcode(xxx) bits 2..0. as shown below 



XXX bits 2..0 
msb ...Isb 


Meaning 


Note 


example C-code 


ifR[k]=i5 andR|l}=7 then 


%000 
%001 
%010 
%011 
%100 
%101 
%110 

%in 


ADD 
SUB 
MUL 
DIV 
MOD 
AND 
OR 
XOR 


addition 
subtraction 
multiplication 
integer division 
modulo division 
logical AND 
logical OR 
logical XOR 


RUi=Rm+R(i) 

RUl=R[k]-Ril] 

Rlj]=RWR[i] 

RU]=R[k]/R[l] 

R|jl=RIk]%R(l] 

RU)=R|k]&RIil 

RUl=RIk)|Rn] 

Rli]=Rfkl'^Rn| 


RU)=22 

RU}=8 

RU]=105 

RU)=2 

RU]=1 
RU1=7 

RU> 15 
Rli1-8 



10 



15 



move function - The variable R[k] indexed by byte #4 is set equal to the variable Rfkl 
indexed by byte #S. 

set function - The variable R[j] indexed by byte #3 is set to value dddd defined by byte #4 
and #5. 



random function - The variable R[j) indexed by byte #3 is set to a random value between 0 
(zero) and dddd defined by byte #4 and #5. If dddd=0 then randomize the random generator. 

20 fill function - Fill N variables starting from R[j] with dddd defined by byte #4 and #5 where 
N is equal the value of R[i] indexed by byte #2 



25 



jump function ~ Jump immediate to a command with index = Idx defined by byte #4 and 
#5. 

loop_l function - Decrement R[i]. defined by byte #2. and cond#l true then jump to the 
command with index = idx defined by byte #4 and #5. 



loop_2 function - Decrement R[i]. defined by byte #2. and if cond#2 true then jump to the 
30 command with index = idx defined by byte #4 and #5. 

loop_3 function - Decrement R[iJ, defined by byte #2 and decrement R[jJ. defined by byte 
#3. and cond#l true then jump to the conunand writh index = idx defined by byte #4 and #5. 

Programming examples 
35 This section is informative. 
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1 . Record carrier (1) comprising infonnaiion organized in a plurali^ of files 
containing audio visual data (11) and playback control data (12) for conm>lIing playback of 
the audiovisual data on a playback device while enabling user interaction, the infonnation 
further comprising priority infonnation Q>riority), indicating the relative priority with which 

S the files aie to be stored in a cache memory (39) of the playback device. 

2. Record carrier according to claim 1 , characterized in that the priority 
infonnation (priority) is contained in a single file (FRT). 

10 3. Record carrier according to claim 1 , characterised in that the priority 

infonnation (priority) is related to an estimated frequency with which the said data is 
accessed. 

4. Record carrier according to claim 1, characterised in that the control data is 
15 comprised in a control program (PCP) which comprises references to menus, and that the 

data representing the control program and the menus has a relatively high priority. 

5. Playback device for playback of a record carrier (1) comprising information 
organized in a plurality of files containing audiovisual data (1 1) and playback control data 

20 (12) for controlling playback of the audiovisual data while enabling user interaction, the 
playback device comprising read means (20) for reading the data from a record carrier, a 
cache memory (39) for storing data from the record carrier, user input means (40,41) for 
receiving user input, control means (30) for processing the control data, and reproduction 
means (51-54) for reproducing the audio visual data, the device being adapted to read priority 

25 information (priority) and to store files into the cache memory vwth a priority determined by 
this priority information. 
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6. Playback device according to claim 5, characterized by means for rewriting the 
priority infonnation at the record earner in accordance with the frequency with which the 
files are actually accessed by a user. 

7. Method for playback of a record carrier (I) comprising information organized 
5 in a plurality of files containing audiovisual data and playback control data for controlling 

playback of the audiovisual data while enabling user interaction, which method comprises the 
steps of 

a. determining whether a cache memory (39) does have sufficient unoccupied 

space (S5). 

*® ^ is determined that the cache memory (39) does not have sufficient 

unoccupied space, then determining whether the cache memory does have space sufficienUy 
large which is occupied by one or more further data files having a priority value lower than 
the priority value of the first data file (S6), 

aaa. if the outcome of step aa is true, then overwriting said one or more further data 

15 files by the first data file (S7). 

8. Method for.playback according to claim 7. characterised in that if the outcome 
of step a is true then 

ab determining whether the first data file has a priority value higher than a 

20 predetermined value, 

aba if the outcome of step ab is true then loading the first data unit fix)m the record 

carrier into the cache memory, 

9. Method for playback of a record carrier comprising information organized in a 
25 plurality of files containing audiovisual data and playback control data for controlling 

playback of the audiovisual data while enabling user interaction, which method comprises a 
procedure for loading files in a cache memory comprising the steps of 
d setting a reference priority value (PR),(stepS10), 

c for a plurality of files examining whetfier a priority value assigned thereto is 

30 higher than the reference priority value (step S12) 

if *e outcome of step e is true examining whether the cache memory 
comprises sufficient space for storing the said data unit (step S13), 

eaa if the outcome of step ea is true then loading said data uiiit into said 

space (step SI 4), 



\ 
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f reducing the reference priority value (SI 7), 

g determining whether the reference,priority value is greater than or equal to a 

bottom priority value (SI 8), 

ga . repeating steps d tog if the outcome of sfepg is true. 

5 

. 10. Device for recording a record carrier (1) comprising information organized in 

a pliirality of files containing audio visual data (1 1) and playback control data (12) for 
controlling playback of the audiovisual data on a playback device while enabling user 
interaction, the information further comprising priority information (priority), incticating the 
10 relative priority with which the files are to be stored in a cache memory (39) of the playback 
device, 

the playback device comprising 
means for obtaining the audiovisual data, 
means for coniposing the control data, 
15 priority determining means for determining the priority information, 

formatting means for formatting the audiovisual data and the control data into files, 
recording means for recording the infomrmtion comprising the priority information, the 
audiovisual data and the control data at the record carrier. 

20 1 1 . Method for recording a record carrier (1 ) comprising information organized in 

a plurality of files containing audio visual data (1 1) and playback control data (12) for 
controlling playback of the audiovisual data on a playback device while enabling user 
interaction, the information further comprising priority information (|mority), indicating the 
relative priority with which the files are to be stored in a cache memory (39) of the playback 
25 device, 

the method comprising the steps of 

obtaining the audiovisual data, 
composing the control data, 
determining the priority information, 
30 - formatting the audiovisual data and the control data into files, 

storing the information comprising the priority information, the audiovisual 
data and the control data at the record carrier. 
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FIG. 1 
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